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Introduction
Machines used for mowing the shoulders and batters along any roads contribute most to the spread 
of common ragweed (Vitalos & Karrer 2009). Common practice of managing such habitat types is 
mowing or mulching few times a year whereupon leaving the biomass on the fl oor. Flowers on cut 
stems of many plants are able to develop further to a ripened stage. Therefore leaving the cut com-
mon ragweed plants on such places may not stop common ragweed from producing seeds and 
spread further. In this study we aim at testing the contribution of post-harvest seed ripening to the 
number of seeds left in habitats after cutting the invasive common ragweed.
Methods
In a cutting experiment, we studied the post-harvest ripening potential of fl owers/young seeds of 
common ragweed cultivated at the Botanical garden of the University of Natural Resources and Life 
Sciences (Fig. 1). We cut branches at 5 developmental stages of female fl owers (Fig. 2).
All cut branches were left on the soil surface for post-harvest ripening until end of autumn (Fig. 
3). In December, the seeds yielded from the experiments were stored for 90 days at 4°C. After this 
stratifi cation they were tested with regard to their germination capacity and dormancy/viability. 
Germination tests were run 2 times 4 weeks each term interrupted by second 5 months stratifi ca-
tion. Seeds were germinated in petri dishes at 16/8 h darkness/light and 15/30°C. The TTC-test for 
viability of assumedly dormant seeds was done after the last germination trial (6 hours staining at 
30°C in darkness, 1% Tetrazolium solution applied). Each treatment was tested with a subsample of 
2 x 15 seeds except for those that yielded only 5 seeds each.
Fig. 1: A. artemisiifolia cultivated in pots
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Fig. 2: Developmental stages of the female flowers of A. artemisiifolia in the post-harvest ripening test:
1) Young small flower with fresh whitish stigmas (Fig. 2a)
2) Flower at full size, soft, with dried stigmas (Fig. 2b)
3) Flower green and medium hard, can be compressed by fingers, capitulum with soft spines, stigma 
dry (Fig. 2c)
4) Flower greyish, hard and spiny, cannot be compressed by fingers; stigma dry (Fig. 2d)
5) Flower dark brown, hard, spiny, drops off when touched, stigma broken or vanished (Fig. 2e, f )
Fig. 3: A. artemisiifolia cut branches covered by a fine net to protect against seed predators
Results
All treatments produced at least some ripened seeds. Flowers cut at stages 1 and 2 (both with soft 
ovary) developed only 5 ripened seeds. In contrast, all ovaries cut at hard or near to hard stage (3 to 
5) produced a lot of seeds that looked ripened (Fig. 4).
Flowers cut at stage 1 and 2 developed at least a few ripened seeds, probably because we over-
looked few flowers that already reached stage 3 during harvest. The high number of ripened seeds 
in groups 3 to 5 indicates the high capacity of post-harvest ripening of common ragweed after 
finishing flowering and being cut off from resource supply.
The test for germinability (Fig. 5) provided rather different germination rates depending on the 
time available to finalize ripening. The few ripened seeds developed from stage 1 (cut at Aug. 18th) 
and 2 (cut at Sept. 9th) branches germinated by 60%. But this partition cannot be seriously interpret-
ed because of the small sample size (n=5). Stage 3 branches (cut at Sept. 14th) provided seeds which 
germinated by 27%; stage 4 (cut at Oct. 1st) seeds already germinated at rates of 43%, and seeds 
that were cut at Nov. 15th germinated at the rather high rate of 87%. The latter differs significantly 
(p=0.0345, Tukey) from the germinability of seeds with less time left for post-harvest ripening.
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Fig. 4: Total number of ripened seeds developed from A. artemisiifolia branches cut at diff erent developmental 
stages (log scale!)
Fig. 5: Mean germination rates of ripened seeds developed from A. artemisiifolia branches cut at diff erent 
developmental stages; stage 5 seeds diff er signifi cantly from seeds developed from branches at stage 4 and 3 
(p=0.0345, Tukey); stage 1 and 2 rates cannot be interpreted seriously because of n=5.
TTC-test: The remaining non-germinated seeds were tested for viability. None of them showed to 
be viable.
Discussion
The traditional cutting regime of road shoulders in Middle Europe includes one or two cuts before 
summer (April to June), hardly any cut during summer (July and August) and one last cut in Sep-
tember or October. Vitalos & Karrer (2009) and Milakovic & Karrer (2010) showed that such cutting 
regime ends up in lots of viable seeds distributed by the mowers. It is evident that leaving cut plant 
biomass in September or October at the managed sites even promotes the fi ll-up of the soil seed 
bank (data not shown here) and enables further spread of common ragweed via branches with 
ripened seeds.
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So far, post-harvest ripening of common ragweed seeds was underestimated, especially when con-
trol options like mowing were discussed (Simard & Benoit 2011). Mistakes like efforts to control 
common ragweed by cutting at the wrong dates get evident by the high number of viable/germi-
nable seeds that developed from plants cut mid of September. Not only the vital resprouting capac-
ity of common ragweed makes cutting at the wrong time rather inefficient but also leaving the cut 
plants in the field.
Our results indicate that the definition of seed ripening stages must consider also the hardiness of 
the ovaries which seem to be the best indicator for viability of young seeds.
The percentage of viable seeds (87%) within the treatment of obviously fully ripened seeds (nr. 5) 
is relatively high compared to other authors; i.e., Chauvel & Fumanal (2009) stated 80% as high per-
centage of viable seeds in populations without any stress.
Further spread of common ragweed to Northern Europe will be facilitated if the potential of produc-
ing ripened seeds earlier than given in the literature increases.
Managed populations of common ragweed obviously are able to produce viable seeds much earlier 
than given in the literature (Kazinczi et al. 2008a, b). From our results we expect the production of 
first viable seeds already in the second half of August (at least in the Pannonian region). Therefore, 
Karrer et al. (2011) recommend the removal and burning of any common ragweed biomass after 
cutting as of August.
Indeed, the post-harvest ripening potential turned out to be rather high in common ragweed. Seeds 
developed from inflorescences that were harvested at the beginning of September already showed 
germination rates of 25 to 50%. Thus it is evident that cut common ragweed biomass must be re-
moved from habitats like road shoulders after mowing in autumn to prevent post-harvest ripened 
seeds from further spread and from filling up the soil seed bank. If removal of biomass is not ac-
complished cutting as a control measure against the invasive common ragweed is not sustainable.
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